Abstract: Recent theoretical analysis and empirical studies have emphasized that firms' innovation could significantly improve export growth. However, the positive effect of innovation on exports is likely to change due to unstable domestic offsetting for innovation and increasing worldwide competition for trade. This study aims to explore the dynamic link between them. We first develop a theoretical model between innovation and export growth based on the theory of heterogeneity. Export growth is measured through the dimensions of extensive margin and intensive margin so as to better investigate the effect of innovation on export performance. The propositions of mechanism analysis reveal that the effect of innovation on exports is non-linear rather than sustainable. An empirical study is followed to test the propositions by using data from a representative panel of Chinese manufacturing firms. Consistent with the theoretical predictions, the results show an inverted U-shaped relationship between innovation and extensive margin and a U-shaped relationship between innovation and intensive margin. The non-linear relations are verified by a threshold effect test. Further study shows less innovation and more firms on the left side of the relation curves. The distribution suggests irregular innovation ability among the exporters. Moreover, the role of innovation is more important for export growth and the corresponding threshold is higher in terms of high technological sectors. The contribution of this study is to introduce a comprehensive framework to investigate the dynamic effect of innovation on export growth, serving as a modest spur to induce the following studies to explore the sustainability of innovation effect.
Introduction
The theory of economic growth reveals that the economy could achieve sustainable growth without external forces due to the endogenous promotion effect of innovation progress. For economic growth, the role of exporting is becoming more and more important with the advance of economic globalization. Plentiful studies have revealed the positive effect of innovation on export growth. However, most of the literature just focused on the promoting impact rather than the sustainable effect of innovation. This study aims to introduce a comprehensive framework for how innovation affects export growth dynamically. In our study, the extensive margin and intensive margin of export growth are measured at the firm level, where the extensive margin is represented by the new entry of a firm to the international market, and the intensive margin is represented by the increasing scale of exporters [1, 2] . The theoretical analysis is developed on the work by Butos [3] and Caldera [4] that predicted that innovative firms are more likely to export. The propositions of this study show that there is a non-linear relationship between innovation and export growth, where the relationship The first strand of the literature examines the link between innovation and exports. The relationship is supported by previous theoretical studies. International trade theories differ in their predictions as to how innovation increases the dual margins of export growth in the following two aspects. First, innovation can introduce new products into the international market or diversify the commodities used for trade, which can promote the extensive margin of export growth (Krugman [5] , Grossman et al. [6] ); second, innovation can increase the quantity of exports by increasing firms' productivity (Eaton et al. [7, 8] ) or improving product quality (Grossman et al. [9] ), which can increase the intensive margin of export growth. Innovation could affect productivity, leading to heterogeneity. In the models of Yeaple [10] , Aw et al. [11, 12] , Butos [3] , and Caldera [4] , a firm's productivity could be improved by innovation, which can increase the firms' export success. However, the theories focused more on the relationship between innovation and export decisions rather than the relationship between innovation and export scale (Basile [13] ; Wagner [14] ). In addition, the promotion effect of innovation on exports in previous studies is considered as sustainable rather than dynamic. The contribution of the current paper is to introduce a comprehensive framework to investigate the dynamic relationship between innovation and export growth, both from the perspectives of extensive margin and intensive margin.
The second strand of the literature empirically examines the effect of innovation on exports. There is an interactive promotion effect between innovation and exports. Girma et al. [15] investigated the two-way relationship between R&D and export activity, revealing that exporting experience could enhance the innovative capacity through increasing R&D capacity, which demonstrated the "learning-by-exporting" effect. Harris et al. [16] showed that spending on R&D could increase the probability of exporting and exporting could indirectly affect innovation, suggesting the importance of understanding the interactions between innovation and exporting. Filipescu et al. [17] proposed that both innovation processes and exports Granger-cause each other, demonstrating that there is a double causal relationship between them. Recent studies have also confirmed an empirical regularity where innovative firms are more likely to export. Rodil et al. [18] demonstrated the positive effect of various innovation types on exporting, especially for innovation variety and marketing innovation. Imbriani et al. [19] observed a positive-quality effect and a strong impact of non-technological innovations over future exports brought by product innovation. Cassiman et al. [20] showed that the strong positive association between productivity and exports is related to firms' earlier product innovation. Lachenmaier et al. [21] , Bartel et al. [22] , and Becker et al. [23] demonstrated that firms' innovation can help the firms to exploit revenue gains from exports and emphasize that both product innovation and process innovation could stand for the promotion of productivity and exports. Further studies suggest that product innovation plays a more important role than process innovation in trade-oriented countries [24] [25] [26] . In particular, some studies reveal that the effect of innovation on exports is insufficient or moderate. Jakob [27] found that R&D stock is not influential for exports and domestic patents had substantially lower effects on exports than external patents. Damijan et al. [28] considered that proving a direct link from innovation through higher productivity into export was not an easy task. Yi et al. [29] held the view that the effect of innovation on exports was moderate, conditioned by institutional forces such as foreign ownership, business group affiliation, and the degree of regional marketization. However, the positive or negative effect of innovation on exports is probably dynamic rather than constant. This study contributed to the exploration based on data from Chinese manufacturing firms.
The third strand of the literature concentrates on the decomposition of export growth. According to previous studies, the breadth of exports represents the extensive margin, and the depth of exports represents the intensive margin [30] . Hummels et al. [31] took the lead in investigating the decomposition of export growth through product categories, revealing that larger economies export a wider set of goods (extensive margin) and richer countries export high quantities (intensive margin) at modestly higher prices. Felbermayr et al. [32] proposed a gravity model to explore the export growth on both margins, in which the results showed that technological improvements in transport and communication as well as GATT or WTO membership can be explained for "distance puzzle", partially in line with the results drawn by Dutt et al. [33] . Helpman et al. [34] explored the impact of trade frictions on trade flows, where the extensive margin refers to the trade volume per exporter and the intensive margin refers to the number of exporters. Besedeš et al. [35] claimed that developing countries had greater instability in terms of extensive margin. The consistent findings of Felbermayr et al. [32] , Helpman et al. [34] and Besedeš et al. [35] revealed that the majority of the growth in trade was due to the intensive margin rather than the extensive margin. Focusing on Chinese industrial enterprises, Chen [36] argued that innovation played a positive role in promoting extensive and intensive export margins at a macro level. However, most of the studies just measured the dual margins of export growth at the country level, ignoring the effect of key factors on firms' export growth. The contribution of this study is to introduce a firm's innovation into the heterogeneity theory framework to explore the impact of innovation on the dual margins of export growth, both from the perspectives of theoretical analysis and empirical progress.
The remainder of the study is organized as follows. Section 3 presents the mechanisms analysis. Section 4 gives data for Chinese manufacturing firms and introduces the Heckman model to correct the sample selection bias. Section 5 presents an empirical strategy to estimate the effect of innovation on firms' export growth and launches the robustness check by threshold test. Section 6 is the conclusion.
Mechanisms Analysis
A comprehensive theoretical framework is proposed presenting the linkage mechanism between firms' innovation and export performance based on the heterogeneity theory. Firstly, it assumes that firms are free to participate in innovation, paying fixed costs f I=1 . If firms have the choice to export, they should undertake fixed costs f x . Each firm searches for profit maximization.
Profit Function

Demand
The demand of our framework is modeled on the standard setup used in recent trade studies (e.g., [1, 2] ). Demand is characterized by a representative consumer with CES preferences over a continuum of varieties i of a good q:
, where 0 < ρ < 1 and i ∈ (0, N)
In line with the studies, it is assumed that consumers maximize their utility subject to the budget constraint:
The demand for a product follows constant elasticity of substitution σ, which equals 1/(1 − ρ) > 1. Total demand for variety i can then be written as:
where
is the price index.
Supply
The supply side of the economy is characterized by a monopolistically competitive industry, where each firm produces a single variety i of good q. As proposed by Melitz [1] , firms need to draw their productivity from a known Pareto cumulative distribution function G(ψ) = 1 − ψ -k with k > 1. The profit maximizing price (p I ) is a constant markup over marginal cost c I with CES preferences, expressed more formally as:
We can draw the revenue from Equations (3) and (4):
Then the profit function is
in which df iI indicates the marginal cost of innovation.
Innovation and Export Growth
Extensive Margin
A firm will export if the profits from the domestic and foreign market are jointly larger than the profit from serving only the domestic market:
Then a firm will choose to export if 
We follow the hypothesis that investment in innovation could bring about more net profit than non-innovation:
Since there is an interactive promoting effect between innovation and export growth, the exporting experience could enhance the innovative capacity, while in turn the innovation behavior could improve the export growth [15, 17] . As a result of the circulation cumulative causal effect, the productivity of an innovator is higher than the productivity of a non-innovator (ψ I=1 > ψ I=0 ), while the marginal costs are correspondingly lower c I=1 < c I=0 . As innovation can improve the quality and variety of product, E * I=1 > E * I=0 . Comparing Equations (8) and (9), firms will choose to innovate for export. The preference type of investors is assumed to be risk aversion. The innovation risk is increasing due to the financial restraints and imitative threat from other producers. If the expense of innovation is so high that the marginal benefit from innovation cannot make up the marginal cost, the effect turns negative. Thus we can draw up a proposition (Proposition 1):
There is an inverted U-shaped relationship between innovation and extensive margin of export growth.
Intensive Margin
When it comes to intensive margin, we can draw the profit formula from Equations (5)-(7):
To obtain the profit maximization, we take the derivative of productivity ϕ iI :
Then the formula can be changed into:
in which e ij * is the proportion of foreign consumption. We can conclude that e ij * depends on 
< 0. An exporter's innovation is likely to improve the productivity and reduce the marginal cost, which is represented by
Meanwhile, there are relations of
. Therefore, if σ j * > σ,
It is suggested that investment in innovation tends to meet the diversified domestic demand if the domestic product elasticity of substitution is comparatively larger, leading to a reduction in firms' export scale. Conversely, if the foreign product elasticity of substitution is comparatively larger, the investment in innovation is likely to meet the diversified foreign demand, leading to improve the export scale. It shows a U-shaped relationship, especially in cases where the requirement for innovation investment is larger to meet the diversified foreign demand with higher product elasticity of substitution. Thus, we can form another proposition (Proposition 2): Proposition 2. There is a U-shaped relationship between innovation and intensive margin.
Data and Modeling
Data
This study uses Chinese industrial enterprise database over the period 2001-2009 compiled by the National Bureau of Statistics (NBS). This dataset provides an appropriate random sample of Chinese industrial firms. The dataset is representative as it consists of more than 90% of manufacturing firms and provides plentiful information for this study. Firstly, it allows for tracing the firms' innovation and export performance over time; secondly, there is a large sample of firms distributed over different regions in China; thirdly, it includes many items that can affect firms' export behavior, such as the value of new products, firms' ages, number of employees, value of tax, accounts receivable ratios, and so on; fourth, it covers different sectors defined at the two-digit level in the ISIC rev. 
Modeling
The use of OLS estimates may lead to measurement bias since it was found that among the observed values, 63.73 percent of export delivery value is 0. To minimize the bias, following Helpman et al. [34] , a Heckman selection model is used to correct the sample selection bias. The model, using a comprehensive study of exporting decision and exporting scale, can better investigate the relationship among innovation and dual margins of export growth simultaneously.
According to Figures 3 and 4 , there is a quadratic nonlinear relationship between innovation and exports. Based on the theoretical propositions and numerical simulations, the Heckman model is set as follows:
A selection model (14) is used to explore the impact of innovation on extensive margin of exports, while the sample selection bias factor λ is used to test the correlation between extensive margin and intensive margin. Then λ is substituted into Equation (15) of export scale as an explanatory variable. In the equations, inno it-1 indicates innovation behavior and TFP it-1 represents the total factor productivity. As there is no significant non-linear relationship between productivity and exports, the quadratic term is ignored. According to previous studies (Klepper [37] , Verhoogen [38] , Ganotakis [39] ), we take new product proportion to mean a firm's innovation rather than R&D expenditure, for what really matters for exports is the ability to successfully introduce new and improved products rather than the investment in research activity. Either the O-P method (Olley et al. [40] ) or the L-P method (Levinsohn et al. [41] ) is usually involved to measure productivity since the OLS method may lead to estimation bias. We adapt the L-P method, which can take a firm's intermediate inputs as the proxy variables of unobserved productivity and also can better alleviate the sample bias caused by the loss of "zero investment" estimates with the O-P method. This study introduces the interactive term inno it-1 * TFP it-1 to measure the synergistic effect on exports since Bernard et al. [42] highlighted that, compared to non-exporters, exporters display higher productivity.
Z it-1 indicates the other control variables that affect the exporting performance, such as a firm's experience (Agnihotri et al. [43] ), a firm's size (Serrasqueiro et al. [44] ), the regional institution factor (Rasiah [45] ), financial restrictions (Riding et al. [46] ), as well as a firm's location (Freeman et al. [47] ). In this model, the age measures a firm's experience in terms of the number of years since the establishment of the firm. The number of employees is used to measure a firm's size. The value of tax reflects the institutional factor in different regions and the receivable accounts ratio measures the financial restrict. The distance from the nearest seaport is used to measure the effect of a firm's location on exports. This study also introduces the National Geographic Concentration index of 284 cities concerning the effect of industrial agglomeration on exports (Long et al. [48] ). All the explanatory variables are one year lagged to reduce the endogeneity concerning the mutual effects among exports and other variables. Table 1 gives the descriptive statistics of the variables. In addition, Faustino et al. [49] suggested that exports in the previous period held a positive effect on contemporaneous exports, confirming the sunk cost hypothesis for exports (Robert et al. [50] ). Therefore, we introduce Export it-1 to measure the export trend. Fixed effects are controlled by generating regional dummies, industrial dummies, and year dummies. Moreover, we deal with the corresponding index deflator using the consumer price index, producer price index, raw materials, fuel and power purchase price indices, and the price index of investment in fixed assets so as to eliminate the error caused by price factors. The basic year is 2000. 
Empirical Results
In this section we define the empirical approach to test the main prediction of the theoretical model. Table 2 presents the baseline results obtained through estimation using the Heckman model after controlling for the fixed effects. The LR test p-value and Wald p-value are zero, which proves that the Heckman method is suitable and significant. The first column inspects the direct impact of innovation on dual margins of exports without controlling the interaction term of innovation * log TFP. The monomial coefficient of innovation against extensive margin is positive, while the monomial coefficient of the intensive margin is negative. Meanwhile, the quadratic term of extensive margin is negative, and the quadratic term of intensive margins is positive. The results suggest that there is a non-linear inverted U-shaped relationship between innovation and extensive margin, whereas there is a non-linear U-shaped relationship between innovation and intensive margin. The second column inspects the indirect impact of innovation on dual margins of export growth. The interaction terms of innovation and TFP are significantly positive for extensive margin and intensive margins. This is suggestive of the fact that the relationship between innovation and exports runs through productivity just because innovative firms become more productive. The third column inspects the mutual effects, which are in line with the results drawn above. The effect of productivity is insignificant in terms of intensive margin of exports. It suggests that exporters try to improve the quality and sophistication of products to increase the exporting scale rather than improve the technical efficiency to a certain extent [51, 52] .
Baseline Regression Results for Innovation and Exports
Regarding the other control variables of export growth, the results are in line with the predictions. First of all, older firms are more likely to survive in the international market as well as enlarge their export scale (Agnihotri et al. [43] ); second, the number of employees, used to indicate a firm's size, has a significant and positive effect on export growth (Serrasqueiro et al. [44] ); third, the significantly negative estimates of the tax and receivable accounts ratio indicate that the higher taxes and insufficient financial support are likely to restrict the export growth (Rasiah [45] , Riding et al. [46] ); fourth, the industrial agglomeration, as measured by the geographic agglomeration index, has a significantly positive effect on extensive margin, but a negative effect on intensive margin, indicating that industrial agglomeration could facilitate a firm's export propensity (Long et al. [48] ), while the industrial competition among exporters restricts the growth of export scale; fifth, the negative coefficients of distance from the nearest seaport suggest that the geographical location is an important factor in terms of export growth [47] . Finally, the positive and significant estimate on Export it-1 proved the positive effect on contemporaneous exports [49, 50] . 
Regression Results for Innovation and Exports in Different Technological Sectors
Regarding the technological dependence of various sectors, the effects of innovation on export growth are irregular. For example, the manufacture of computer, electronic, and optical products requires more technological expertise than the manufacture of textiles for export.
As shown in Appendix B, Table B1 shows the statistics of innovation and export patterns by sector, as defined at the two-digit level in the ISIC rev.4 classification. In general, the number of low-technology sectors is larger, indicating that the innovation intensity of Chinese manufacturing firms is insufficient.
As is shown in Table 3 , λ is not equal to zero, which proves that the Heckman model is suitable. The Wald value passes the overall significance test. For low-technology sectors, the positive monomial coefficient and negative quadratic coefficient of innovation in terms of extensive margin suggest that there is a non-linear inverted U-shaped relation between them. The inflection value is 0.48 by calculation. Different from the extensive margin, both the monomial and quadratic coefficients are insignificant for intensive margin, indicating that there is no direct relationship between innovation and export scale. In addition, the interactive effects between innovation and productivity are not significant, due to the dependence on the endowment of resources for lower technology sectors that require less technological content.
For high-tech sectors, the monomial and quadratic coefficients of innovation are significant for both extensive margin and intensive margin. In terms of intensive margin, the monomial coefficient is negative and the quadratic coefficient is positive, consistent with the baseline regression results drawn above. According to the coefficients of intensive margin, the inflection point of the inverted U-shaped relationship is 0.79, which is larger than the value of the baseline regression result; correspondingly, the inflection point of the U-shaped relationship is 0.45, which is also larger than the value drawn above. The comparison suggests that, for high-tech sectors, innovation can improve the extensive margin of exports for a wider interval; meanwhile the threshold for intensive margin is higher, indicating that innovation plays a more important role in technological sectors that require greater product diversification and sophistication [36, 53, 54] . 
Threshold Effect Test
The non-linear relationships between innovation and export growth could be examined by a threshold test by constructing balanced panel data. The multiple threshold model of Hansen [55] could be written as:
where the subscript i refers to the individual and t refers to time. The dependent variable y it is scalar, q it indicates the threshold variable, and γ is the threshold value. I(·) represents the indicator function. The random disturbance term e it is assumed to be independent and identically distributed with zero and finite variance σ 2 . In our model, the threshold variable is set as the lagged productivity because firms' innovation behavior could affect the export performance through heterogeneous productivity. The threshold value is estimated asγ = argminS 1 (γ), where S 1 (γ) indicates the sum of squared errors.
Testing for Threshold
According to the model of Hansen [55] , the significance of threshold and the number of thresholds could be determined by bootstrap estimation of the asymptotic p-value. In terms of extensive margin of exports, we find that the test for a single threshold is significant, with a bootstrap p-value of 0.05. On the other hand, the tests for the double and third thresholds are not close to being statistically significant, with a bootstrap p-value of 0.68 and 0.88, respectively. We conclude that there is strong evidence that there is a single threshold in the regression relationship. Correspondingly, the threshold for intensive margin of exports is single too.
To test the validity of the threshold value, Hansen [55] argued that the best way to form confidence intervals for γ is to use the likelihood ratio, where
It is easy to calculate that the 10% critical value is 6.53, the 5% is 7.35, and the 1% is 10.59. Referring to the value of LR 1 (γ) and the simulation of the single threshold test shown in Appendix C, the thresholds are proved to be statistically valid. Table 4 is the result of threshold estimation between innovation and export growth. According to the threshold test, it is suggested that there is a non-linear relationship between innovation and extensive margin, characterized by a single threshold value of 3.36. The confidence interval is (−1.14, 3.77). According to the coefficients of innovation, when q ≤ 3.36, the impact of innovation on extensive margin is significantly positive. When q > 3.36, the effect turns negative. The relationship is in line with the result drawn by the Heckman method.
Threshold Estimation
In terms of intensive margin, there is a non-linear relationship characterized by a single threshold value, 5.93. The confidence interval is (5.66, 6.14). According to the coefficients of innovation, if q ≤ 5.93, innovation constraints the growth of export scale, while if q > 5.93, it is conducive to innovation. The estimation processed by the threshold test is in favor of the conclusions drawn by the Heckman method. In conclusion, the non-linear relationships between innovation and export growth appear to be robust. *** and ** indicate significance at the 1% and 5% level. Robust standard errors are reported in parentheses.
Further Statistics and Analysis
We can obtain the inflection values of the non-linear relationship by using coefficients in the tables. Taking the third column of Table 2 for analysis, the inflection value of the inverted U-shaped relationship between innovation and extensive margin is 0.45. In order to test the accuracy of the empirical results, Table 5 shows the statistics of firms based on the inflection value of extensive margin. In terms of new exporters, innovation could greatly improve the propensity of firms within a certain interval (innovation intensity < 0.45). This result is partly in line with the findings of Lachenmaier et al. [21] for Germany, Caldera [4] and Cassiman et al. [24] for Spain, Ganotakis et al. [39] for the United Kingdom, and Bernard et al. [42] for the USA, suggesting that innovation could attribute to a firm's export decisions. According to the proportion and mean value of innovation intensity, it can be concluded that less innovation and more firms are distributed on the left side of the relationship curve. There is space for new exporters to improve the innovation level. In terms of intensive margin, the non-linear U-shaped relationship denotes that there is an innovation threshold for a firm to increase the export scale, which is consistent with the finding of Ganotakis et al. [39] that innovation cannot increase subsequent export intensity. The inflection value is 0.38. Table 6 shows the statistics of firms based on the inflection value of intensive margin. According to the proportion and mean value of innovation intensity, the intensive margin of export growth is concentrated among lower innovation level firms and the innovation ability among firms is irregular. Moreover, the great disparity in innovation ability is not conducive to firms' development against a backdrop of international technological competition. The statistics shows the insufficient innovation intensity of Chinese firms, which is closely related to the domestic innovation environment and trade patterns. First, China's intellectual property protection index was 12.4, at a lower-middle echelon level in the world according to the 2015 Global Intellectual Property Index Report issued by the World Intellectual Property Organization. That inadequate intellectual property protection leaves Chinese firms at risk of imitation, and it is more difficult to obtain a large international market share due to the lack of innovative incentive (Scott [56] ); second, a large number of firms entered the international market in the manner of processing trade, which may induce vicious competition among exporters, leaving Chinese firms at the low end of the global value chains dominated by developed countries; third, the input of firms' innovation must be compensated for by consumer demand. However, the export destinations of China are concentrated in developed countries, where the product quality and diversity are even more attractive, which means that firms lack the motivation to innovate because of the shortage of international demand.
Discussion
Policy Implications
The findings on the role of firms' innovation in driving the extensive margin and intensive margin of export growth appear to be relevant from a public policy perspective. Economic policies aimed at export promotion have been widely supported by the argument that involving firms in innovation leads to increased exports. Focused on Chinese manufacturing firms, this study has the following policy implications combined with the empirical results. Firstly, innovation collaboration with firms from advanced technology areas should be encouraged since the firms' innovation in China remains at a low level. Secondly, the government should accelerate the procedure of intellectual property protection so as to minimize the risk of firms' innovation and encourage more firms to join in innovation. Thirdly, more financial support should be attached to high-tech sectors in order to improve the technical complexity of exporting products. Finally, the "One Belt, One Road" initiative of China as well as the implementation of an international cooperation framework will increase the international demand for Chinese products.
Limitations and Further Discussion
There are several inherent limitations to this study, suggesting other avenues for future research. Especially in view of the fact that international spillover channels for innovation are particularly important to open economies (Coe et al. [57] ; Keller [58] ), a very important variable to take into account in the model would be the openness of firms' innovation process. Then an interesting extension of the current paper could explore the effect of open innovation strategies on export growth. Recent studies have focused on the open innovation process among firms, revealing the positive effect on innovation performance [59] [60] [61] . As a consequence, when we take open innovation into consideration, the positive relationship between innovation and export growth is likely to be enhanced, from the perspective of both theoretical mechanism and empirical analysis. The linkage mechanisms are reflected as follows. Firstly, a firm making open innovation collaboration with foreign partners is likely to increase its capability to export to those countries, as innovation collaboration could contribute to meeting the local demand for different products. Secondly, an open innovation process could increase a firm's ability to profit from intellectual property that they do not own, so that the positive effect of innovation on exports could be strengthened. Thirdly, an open innovation process with foreign partners could promote export growth by reducing trade barriers. The variety of external innovation channels used by a firm and the extent to which it relies on them could have different impacts on the extensive and intensive margins of export growth. However, in terms of this study, the analysis is just concentrated on the relationship between firms' independent innovation and export growth; further investigation is needed to incorporate open innovation into the research framework.
Conclusions
The contribution of this study is to investigate the linking mechanism between innovation and export growth that guides empirical analysis. The mechanism analysis is a theoretical extension from Butos [3] and Caldera [4] , who predicted a non-linear relationship between innovation and export growth. We evaluated the sustainable promotion effect of innovation on firms' export performance from the perspectives of extensive margin and intensive margin through empirical analysis using the Heckman model. Consistent with the theoretical predictions, the regression results show that there exists an inverted U-shaped relationship between innovation and extensive margin, while there is a U-shaped relationship between innovation and intensive margin. The results are partially consistent with previous studies (e.g., Lachenmaier et al. [21] ; Caldera [4] ; Cassiman et al. [24] ; Ganotakis et al. [39] ; Bernard et al. [42] ) except for the threshold effect. In terms of the Chinese case, Chen [36] argued that innovation played a positive role in promoting the dual margins of export growth, ignoring the sustainable effect of innovation.
A further insight reveals that the synergistic effect of innovation and productivity on exports is positive and significant, revealing that the relationship between innovation and exports runs through productivity as innovative firms become more productive. The insignificant effect of productivity on export scale suggests that exporters try to improve the quality and sophistication of products to meet foreign demand. The impact of innovation on exports is probably different, considering the specifications of individual sectors. Comparing with the results of different technological sectors, the estimation of innovation reveals that, for high-tech sectors, firms' innovation can positively improve the extensive margin of export growth for a wider interval, and the threshold value is higher. Consistently, Verhoogen [38] and Hausmann [54] indicated that innovation played a more important role in technological sectors that required greater product diversification and sophistication. To reach a definite conclusion, this study further reports the threshold test result, which is in line with the results from the Heckman model. Moreover, the statistics of firms based on the inflection value of extensive margin show that most of the firms are distributed to the left side of the nonlinear curve, suggesting there is much room for innovation improvement. The statistics for intensive margin show less innovation and more firms on the left side of the relationship curve, indicating uneven innovation ability among the firms. The statistics are from a Chinese industrial firms' database from the years 2001-2009. A sector is classified as high-tech if the sector's innovation intensity is equal to or above the average value over all manufacturing sectors.
Appendix B
Appendix C Figure C1 . The simulation of single threshold test (extensive margin). 
